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Regulatory effects of 5'-UTR sequence characteristics on mRNA
abundance and optimization strategies
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Abstract: [Objective] Transcription is the first step in gene expression, and the mRNA abundance
to a certain extent determines the final protein expression abundance. Recent studies have found
that different ribosome-binding sites (RBSs) located in the 5’ untranslated region (5'-UTR) can
affect the mRNA abundance of the downstream gene. From the perspective of regulatory factors in
the mRNA degradation process, the effect may be attributed to the binding strength between the
Shine-Dalgarno (SD) sequence and the ribosome and the local secondary structure of the 5'-UTR.
[Methods] We constructed a 5-UTR mutant library with a size of 528. High-throughput
sequencing was employed to efficiently collect the information on the mRNA abundance of
downstream egfp corresponding to various 5-UTR variants. The effectiveness was verified by
RT-gPCR. [Results] The association between abundance of each mRNA mutant and its
corresponding 5'-UTR sequence was analyzed. The results showed that the SD sequence with
moderate to strong binding strength to the ribosome was most conducive to maintaining high
mRNA abundance. Too high or low binding strength will lead to a reduction in the mRNA
abundance. The completely conserved core SD sequence (GGAGG) was the key to ensuring high
binding strength, and the decline in conservation would cause a significant decrease in the mRNA
abundance. When the SD sequence was similar among different 5'-UTR variants, i.e., the binding
strength of the SD sequence to the ribosome was comparable, the local secondary structure of the
5'-UTR was instable and the abundance of corresponding mRNA was high. [Conclusion] This
study delves into the regulatory effects of 5'-UTR sequence features 5-UTR on the mRNA
abundance and establishes a qualitative model of their interrelationships, providing a reference for
the rational design of regulatory elements in metabolic engineering and gene circuits.

Keywords: 5-UTR; SD sequence; local secondary structure; mRNA abundance

R FGR RE A R MBIE 2 0, AT e s A TE TR EhE R, w0
HAREAG (1) mRNA S0 Q) EABEM; 3) MHETHAREE s 7. BRSNS
mRNA [Efif; (4) AT, Hob—2E48  (ribosome-binding site, RBS)., Z¢ 1k FMFE K F
AT ERE AN, e TR, REE . Hob, RBS A H TR FRA 0 B
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FECA i, PRI N R SE P 0 B AR
T LIRS, wEGThE R BURE, RBS {7
F mRNA 19 5-AE Bl [X (5'-untranslated region,
5'-UTR), Hi Shine-Dalgarno (SD) ¥ 41 & H 5 &
G T 22 ) 114 ) Bl X 7). A /N T
HERY 16S rRNA B 3K Ui 2 —Bt 9 nt ¥ 51
5-ACCUCCUUA-3", FE4 anti-SD J741) ] LLiH
WIS SD P, MIAEE IR 2 A - A 55
BRI S I g Bl Fo®
fEd 2% RBS BBIF5E FSE I afFoe 8 K&
O A 2 RBS S @il #2522
FE T FRIBED, R, o i oT & B,
TEAR RBS #8455, F LAY mRNA 0
KA T %Ak . Duan 25U i B AF RBS 5
anti-SD H AL A8 Bl B Bt LA K% [ oy DX 355 14
FEUIK, i FiF PMK-gfp 25 3£ B mRNA =
BT 5.9 4% ; Cetnar MR i 115415
FIR ] BIPE R 4R BOR ) RBS VT T i sfGFP 3%
K5, H mRNA £ A T 7.85 5. mtknm
W, RIF RBS R AT BIRKE, 4
BE LN mRNA £, HFoRm, g
AP e A AW S 228 ROy, {H mRNA 2 2%
ISR A A HE N mRNA F
H1 mRNA & BRI 2 A b R ALl g, Horp
mRNA 5 A% 2 R 31 M S R, M
mRNA [ fiff ] 3= 2232 31 RNA [ fif g 19/ HI 52
W, KRIGHFEARNFEEZ R RNA g, A5
N YJ i (RNase E. G. III), %)Y EF (RNase 11,
PNPase, RNase R)LA K — 26 Ppla]/E (14T Bt
einEs 2807 L5 mRNA Jf 52454, 3
M R HE AR DI RE . X LE il 7E 2 iR A2 1 7 rh 3 [m]
YER, YT mRNA (R
2 A% A2 ) mRNA FRUE R R AR Z
ARG B R R . R b g ARl
Pedersen 25513 15t 76 BT 200 /> 3505 1 14 4 i X
Sl A A )R e P PR R R B 1, R
BERTE mRNA A9 50 A [BBE, A B RRE 1Y
mRNA 7 & 46 8 43 H A B 1Y A% B AR 2% B

Richards ZFU'V 35 57 1 4% B 1K 45 & 0 2 F% %)
RNase E 2 FRFEAAHLHI A0 HE mRNA HLgk
R A1) 5" i N S (5 v M 6 7R I fie ) B B 4 0E A
mRNA NFREE 5UmiRRi AR f), TER] 73X 2 Fil
Wk e 23 P A E B R B 67 S 25 5 AR AR
BELAS,  HLXT 5o f i 750 2 fige iy IRV FH o 4 3% 5
1111 R PR A e ) AR TP AR AR T LAAT A BH 1 E RNase E
MN BB % % mRNA, Carrier 22U 4E mRNA 19
5-UTR WixIHA R A Haeny a5, 45
6 mRNA FE 2742 7 10 15 2L B RY 22 5750
Wi, fATEASRDE, 4 mRNA o 33k S0 4 il 1) m] K
PEREARET, Toie it 4 56 7r L i iR 2
AU R S5 i mRNA A< B 1 i g 45 i1
LR Al R S0 %, DAl ok RS HE
RBS f5i 55" CEF X BHIE R 4R %) . 5'-UTR X
B s Fa P 5-UTR Ay w2 pl™
ST D) B ER (Al S M S mRNA FaE k. I
A X BE PN RHE 54K 5-UTR 44 mRNA
FER FEE

YT 25 I R 78 7801 3 7R %) A O H5 4R - et
P Z B XTI DG ZR S AT A% T A 5 OG
RIYFTHE . FEEWFHARB AR, Bk 25
BRSBTS o il I P BOR [T
— R ¥ £ K (next-generation sequencing, NGS)]
A AT 00 9 J7 2CRT DL TR s ECE A
DNA R Bt i v i s i 5 0 e 250 R s o3 B
M AT AR ARSI TP S P H B X AN [ 37
AR P RO R B =R T . 2009 4
Patwardhan 2521y YRR H AR BUBE 14T DNA
G BRI e X 45 T A e 5 3R A T A% R E
R R E AT s TR TS B
PEFF ARSI AT R 58, i MR DNA L K&
mRNA (%% 5% A cDNA)EA 7l il e, 153
TS 2EER DNA W AR, DAILORFRAE
ARS8 T %6 415 PE . Kosuri 281U 1% )5
BT X 114 A JE SR 111 4> RBS BT A
AW T R REAN B i mRNA 7K
M8 T RAE . PG AT A i i HeoR o
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HXEE BHAR 5'-UTR J¥41H) DNA & mRNA SCJ%
AT, RELASAS AR JH T /) mRNA AT 3=
B, LLSEEXT 5-UTR 4% mRNA EE RS
fET o

HET, T 5-UTR WP k5 K 1Y
Gz REbtor, HA 5 B2 m N &R DL
U R M ANRG . SET I, AR A
T 5'-UTR RAESCFE, 78 SD J¥4lIXi . SD J¥3l
T2 B4 DL [T BE X 3 N 43 A5 AT 3 4,
2 BRI M2 AR DL KR & AC/GT 2 Fpisit,
ey T 518 4> 5'-UTR ZR{KFF 41 JH T 9445 R it
egfp FEN Ik, 454 il & P H AR R R
iF egfp F:H ) mRNA FJ&F . K45 5-UTR 5848
KRB FEFRAE S mRNA B 7B, 45
R SRS SD JP o SR 25 4 5
FEAE R 35 CHE, HAEMRIZS G50, 5-UTR
DX 385 18— G 2 A B X6 2 SR AR B AL S 52
A 5% 45 5 S B U T oo R I 4 S R R 1
JERRAE T — AN

1 AR

1.1 EHRFIBRL

KW Ay R (Escherichia coli) IM109(DE3):
recAl . endAl . gyrA96. thi-1. hsdR17 (rk mk").
el4 (mcrd) supE44. reldl. A(lac-proAB)/
F'[traD36. proAB" . lacl®. lacZAM15\H T ki
P AW RATE 30 AWFSEEET pDXW-13-tac
(E. coli-B. flavum ZERERE BURL, PUrkHE A R
kan"Fl cat’, FEFEN egfp, JABIF R SEIH D)
¥ tac, KIFETATLIE)E | pDXW-13-tac-Bsa |
JORL(TEAR S FE R TG 0 2 A5 ) BAb Bsa 1 ]
AR T HRE 4 RBS.
1.2 EZRFFLEE

IPTG., RIRER . Wik, ETAEY TR
(B Ay A PR S Al ; DNA marker, DNA %
4 fiff Phanta 2xMix Master Max, DNA R & [iff
2xRapid Tag Master Mix . PRl Hind 111, FR ]
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fit} Xho 1, BRI FI T4 DNA & 2R . YUK
Z AW R F &, TaKaRa A A ; PRI Bsa I-
HF®v2, New England Biolabs 2\ 7] ; Jfi ki /Nt
PEPGAF G . BEIRFHEER DNA [P & A
3L DNA 4lifbidFl &, bifgsism Ay TRARA
Al RL RNA G & wieatiln g, Jukl
i i PCR ARG, Fati#mERE A R I
¥y # BR 2y & 3 SuperScript™ I 7 %% 5% i ,
ThermoFisher Scientific 23 f] o

INRUEOHL, Eppendorf 23 F] 3 4870A] WL
JEET,  RIEEE AR A PR A NanoDrop 73
AR & e I 2%, ThermoFisher Scientific
oAl BERHTKAL . PCR X, 2865 & PCR
1%, Bio-Rad /A #); SPX AAfkiises, bifFikdE
BEy7 ga A PR/ 7 ; DHZ-DA BUfEJRILIR, K
CHELREE; MR T/ESG, Rk
PRFALA FRA T
1.3 tEFE

LB AR J: 5 (g/L): EH K 10.0, B2
¥ 5.0, NaCl 10.0, & & 35 57 3 i A B B ¥
20.0 g/L.
1.4 5-UTR XERIHE

5'-UTR X JFE(NNNAAGGANMy/Ks, CACAA
GNAGM/Ke) &R 4 KT I 16S rRNA A
5'-ACCUCCUUA-3'1 3" K ¥m & it iy, HreN~
3% A/T/IC/G, H1T RBS & A8 G, SD it
9 AAGGA, H5 16S rRNA JE[H () 3/ i (1
BT ANECRT RO BRI AN, ARSI RBS
FIES R %5 5 1 2 B R R BT TN 6 LR
AC B GT it . @ 7es| Y Lol A Lk
B, FAESIY) SR Xho 1 F Hind 111 YA
SURAIE, 4 S IE RS —A B 5 ik
TR 1, 51 IR kAR oA A F A
Ao [ DNA B4 B LLIE [ 5 90 R s ) 5 | 98
O BE egfp, 4 25 PCR P24 1% SR WEEE
5 FEL Y DI e [l A i £ 0 o e B, e [l g e R
TR B BE e DNA [ 7] & vl B B ik A7 4%
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=1 WES-UTRXEFEHA/SIY

Table 1  Primers used in constructing 5'-UTR library

Primers name Primer sequences (5'—3")

4N-AC-gfp-F CCGAAGCTTTAACTAACTAANNNAAGGANACACACATGGTGAGCAAGGGCGAGGAGC
4N-GT-gfp-F CCGAAGCTTTAACTAACTAANNNAAGGANGTGTGTATGGTGAGCAAGGGCGAGGAGC

IN-AC-gfp-F CCGAAGCTTTAACTAACTAACACAAGNAGACACACATGGTGAGCAAGGGCGAGGAGC
IN-GT-gfp-F CCGAAGCTTTAACTAACTAACACAAGNAGGTGTGTATGGTGAGCAAGGGCGAGGAGC

gfp-R CCGGCTCGAGTTACTTGTACAGCTCGTC

4 2% PCR [FIW =% Ko pDXW-13-tac JFok: ] Xho 1
Al Hind T {H4L 5 i k4t s A5 20 4 5 B9 A
BERNZE BRI e R, 4lifb 4% B A =0 DNA
Al S U A AT . a4 2R E B R B
Lk 2R 4 0.5 pmol 1 0.05 pmol (/K Lt
10:1), fiLA 10 U/uL T4 DNA Y45 2 uL, 2xi%
FEE O 2 uL, LKA TR 20 UL, TREFHE
F 16 °CF I 12 h, K3 E ™9 IN-AC,
4N-AC, IN-GT. 4N-GT. ¥ # #74¥ IN-AC
FILAN-AC HARFILL 1:64 1R A, HH™H) IN-GT
FAN-GT $ZKFRIL 1:64 IR G, $155848 S0 PR
B AC JEF GT J&, SR 5 BUZE A8 SCPE iR AC
JE . GT JE 4% 10 uL 53 A4k 22 ¥ 4L 5] E. coli
IM109(DE3)/& Az 540 rf, T 50 mL & RIBE:
I LB KRR F= 4L 37 °C. 220 t/min #5574
W, WIS R T 5 2kif S R A8 5% iy 3C
R
1.5 ERFRMNAIE

KT Golden Gate Assembly [ 7 k2 2
FA TR, ETIEEARTE A 2 A (1)
ZOTEE AT DLSE R B S AR R A TosE LR (2)
2T LA TR A g R A JORE L R R A3 R e
AFFE
1.5.1 NX[E Bsa I i S RRIAVHIE

SRR 18] PCR (14 7 32 1 st 32k R A ke s 2%
T FHiih A— B & 2 AL Bsa 1 BEVIN AT
FIFE ., Bt e SR AN BT 2 R HA EE
Sy RS S ) R T B 1 pDXW-13-tac A
o EmEERS RS, 5145k rPCR-

Bsa I-F (5'-CGCTagagaccGCTTTCCAGATCTGT
AACTTGTggtctcgGTGAGCAAGGGCGAGGAGC
TG-3")# tPCR-Bsa I-R (5'-cgagacc ACAAGTTAC
AGATCTGGAAAGCggtctct AGCGAATTGTTATC
CGCTCACAATTCCACAC-3"), PCR Jz i & %
(20 pL): 2xPhanta Max Mix (p515) 10 uL, _F .
#5141 (20 pmol/L)4% 1 uL, DNA ik 1 pL,
ddH,O 7 puL. PCR JZ I 4% {4 : 95 °C il 4% 14
5min; 95 °C7AEPE 30s, 57 °CiIBA 30, 72 °CHE
fif 4 min, 35 PMEIF; 72 CCAIEA 10 min, A
JEHCPCR 724 10 puL Ab225 %6 A IM109(DE3)/8k
ZAMM A, IR TEA RIEE R LB
AR B F2 3 b, 37 °CHi B, FIA E. coli
JM109(DE3) | & W 21 & J1 L ks o
FATR R PRI, 05 46 AR S0 X 1
TEHET ORI 44 A pDXW-13-tac-Bsa 1.
1.5.2 5'-UTR 9%

5-UTR A5t 8 5 2 ) AR [ 51 )
M EANA B Horp, B w5 YR A s S
k1 5'-CGCT, J 7519 04 %k A oy h il 25 1
(IR 4 METRRYE . B, 4 egfp BIHT 4 1
ATIR A GTGA B, ¥ S a5 Py i b M AR v 1%
1M 5-TCAC, =£PL RBS 5 3L R B JC4%E4H
%o B PCR WA FRQ20 puL)y: IE. FEES Y
(20 pmol/L) %% 10 pL. iB k& PCR [z W 4% 14 -
95 °CHUAE P 5 min; FF{% 0.1 °C 8's, 700 /E
Ry 72 °CCLAEAH 10 min, BEFRTL PCR J v 1A £
(50 uL): WAEFRIEE 1 uL, 1B A7=#) 20 uL, 10xT4
PNK buffer 5 pL, ATP (100 mmol/L) 0.5 uL,
ddH,0 23.5 uL. BfRfk PCR Jz b %54 : 37 °C
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30 min, 65 °C 20 min, #R{LAY RBS 5 pDXW-
13-tac-Bsa 1 Jiop i 2 31 g ) 3140 3% #2197 stk A 7
HAHEREWE 1) WHB R B 2 pmol, ZRAKER
0.025 pmol, JA 20 U/uL T4 DNA %428 1 pL,
10 U/pL Bsa 1 BRIEE 1 uL, 2xEHZE M 1 uL,
ALK ANEZE 10 uL, PCR JUBFHF: 37 °C 5 min,
60 °C 5 min, HUEH 79 10 uL fL2= 71 A
E. coli IM109(DE3) &2 &S A, JfFiRfi T&
ARIPERN LB BRI L, 37 CHiFad
o PR TEHEATIT , D3 45 545 & B i
X7 PR Y A s B 2H Bk
1.6 egfp B mRNA FENZE

W 200 7 LB 0 B 2 PR R PP 2 2 mL
A RIBER D LB AR IR0 24 fLAR T,
37 °C. 220 t/min 3GFRARH . SR LL 2% BYHEFD
R B R 3 ml &8 KIREZE M
LB W AR 72 310 55 — A 24 fLtkh, 37 °C.
220 r/min £55% 1.5 h & ODgoo N 0.4-0.6, FJ5 LA
L FE M 0.4 mmol/L B IPTG T 37 °C., 220 r/min
WHREEFE 2 he BT mL RV IR S RNA $2EU
FIE VAU RNA, SRS IR S & qPCR
TR BT & 16 B 45K RNA 854 5854 cDNA.
qPCR #1E 2L B 5 25 YL ik i 1 PCR A il X5
AU A5, ] 16S rRNA FERE NS,
il 2724 19 7 5P 0 B mRNA FE B, I

K(1). @R EIEXRT 1 F8 mRNA £
M, /T 1 HKRT 0588 mRNA FE T,
Act,xzct,x_ct,x,r (1)
K Cox WHEEARBRZEHAM CAH; Coo HFE
ARNSEFM C (H.
mRNA level =2 € 4Cux) ()
o AC HFEAR x 1 AC H; AC JXT HRAE
ARE ACAE ; THE 151 mRNA level FLLZRAE
mRNA F 1, HEEACRMEA x A A A
) mRNA F Y A
1.7 SBEENF
W I ARAT Y 2 24 9% 728 SO O 1) T
Fi 18 1.6 17 B I TS S IR (L rp R s 3R
FARFA 4 mL), B 1.5 mL EREET 2 mL LA
EP & T80 cCUKFHIRAE, M T RZak i
fEo J3HC 1.5 mL B i BETORE /N i R BGAR) &
VLI BAREBUTCR:, IRt PCR 9748 M H (4R 45
S R T AE 2238 & SR BR 7 A R 1R Y 200 bp )7
o 28 1% B M e s F UK T IGE el i &t A 3 o
WIS, ¥ AC JEFT GT a3 1 5 51 44 8 /R
Fo 1:1 384, 15515 DNA =AM P S0 . B
PR 1.5 mL B, FRIEE RNA #2506
F AP I H R BUR RNA, 4] SuperScript™ 11T
FHE S H B mRNA BB S5 AR 07 15 200 bp
b T B 306 5% S Y cDNA, #R 5 i i PCR 47 4

Bsa 1-HFv2

Bsa -HFV2 ‘ ColT

[

5"{€GCTGGAGACC 3" ||5' G GTCTC“T
3" .GCGAACTCTGG S’ ||3' CCAGAG s’

T sa | —

~ —

T7 terminator
Tac promoter

[ cacT]

/ 5-UTR " T7 terminator
Tac promoter

Annealing

pDXW-Bsa 1

E1 5-UTREERE=E

Figure 1 Schematic of 5'-UTR ligation.
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cDNA F B, 28 1% B NRWHEERS d vk DI el 4t
IR ERRE TS, % AC EFD GT FEY 34 1y )%
IFEZEEIR I 1:1 1A, F35LE cDNA 28481 3¢
o KA DNA Z8725 0 3 SCEFNLEL cDNA 28250
JPSCEE#EAT PE1SO oyl s U, 0 45 1k
3 Gb, 0 SCE R i — 20 e g e AL ) b
A B AR A FRA 7 58 o
1.8 HIEALIBESt
1.8.1 HIETALIE STk

o 30 N S B AR [ A SR A R
ERAE A F 2t Q30 FiE il H B ik
FES ., fdiFH Pear (v0.9.6)4 1455 WU 5 45 5 ik
frPrE, SRIG M Seqkit (v2.3.0) 8 A4F HEAT i 42
AbEE i amplicon $5 44 HUTE 2209 7 41 X dak
3 rmdup 84 LB R — read B Z EY 1T,
) seq-m 18-M 18 8475 5848 P 91 M) i Bt
i ok
1.8.2 #IESIT

i & Python I A< 43 5l 4t i1 £. DNA il i
cDNA FEH BT 5-UTR 281 iy Fh 25 (1D
SEPRIE 2R B H reads #4. A T HECARTE 5-UTR
AFRNT mRNA =B RSO, s gt
5'-UTR ZEIRFHXS 45 25 DNA XL/ i) RNA %= B
RNA FIXFFEE, $45 5'-UTR ZEARXT I ) RNA
AR = B G AT X HE DAL TR T H AL R Y
mRNA F£EEF . HARE ARG

RNA reads

Total RNA reads 3)
DNA reads

Total DNA reads

H . RNA reads Jy 5-UTR ZE{ATE £ cDNA J#
M) reads %% ; total RNA reads & 5. cDNA JEH
JiiA 5'-UTR ZE R ) & reads 0; DNA reads
5-UTR 7% {& 7 & DNA JE 1 B reads %% ;
total DNA reads 4 & DNA JEH A 5'-UTR A&k
f1%) 52, reads %%,

fifi 11 seqkit fx2tab $§ 2 Ge it 51 548 X Sk Y
WA 3 2H A% 5 B RNAfold (v2.5.1) 8¢ 1F 48 it

RNA relative abundance =

5-UTR J¥HI 4T &Y W a8 — R 25 # e /N F
e AG (B A keal/mol, Geit X WS SR
LSRR IB S AT 1 AR, HAE/ N
Jri iR R A5 AR 5 ] RNAcofold (v2.5.1)
A48T SD ¥ 515 anti-SD 3 41 (5'-ACCUCC
UUA- NSRRI, R 2 KP4 6
(15N F HBE AG (B34 keal/mol), AR/
Vi 25 & Ra 52 ; ff 1] weblogo (3.7.12) %4441
YERFF 1Y) seqlogo 1K,

2 BERE5AM

21 BESE=ENFMITAR 5-UTR
BIE TEHNERERN mRNA FEER

KT RGAFEER 5-UTR 5 mRNA F 1 5%
Z, ARUFFEHE T 5-UTR (K 2), BT F
5] 5'-CACAAGGAG-3' , 7£ ¥ . SD J¥ ¥
(GGAGG) i1 4 FAZ 0 X IR A il & T 4 >
1A~ 28 A8 5 15 (43 9l A 5'-NNNAAGGAN-3' il
5-CACAAGNAG-3"), IL4h, ARWFFRiLEIT T
2 FplapgE X ¥4 5-ACACAC-3'F1 5-GTGTGT-3',
DIBIF 5 ] i X 68 35 2 ol o) 3 PR R 3k 5 i), 38
o B YR, T — IR ER N
518 /> 5-UTR ZE{K(SD X1 N 259 #5351, 6]
B X R 2 AR )R S AR SO L RS, dE
DNA ¥ DL B RNA 3355 53880 cDNA I,
RASHT T 5-UTR X mRNA FJE K50

283 X I R R BT BE RN IR L, Se it 2
I 1.2x107 4% reads, #ii5 I 518 4~ 5-UTR 7§
A, A S-UTR 2R A4 H K0l 22 278 4
reads. AR 95 W )3 I 75 B 2% 5-UTR 78 4 Xt i
RNA 5 DNA 1§ reads 02 LT85 2] RNA #
XFERE, i SCOEPAEART 5-UTR T RNA
FAXTFEFERS R 7.9 £5(8 3A). Mtz kit
TR RNA A AR L, 2 SCE AR
P RNA AHXF = B M 2IIREE IR 4 2% 5-UTR 4%
RH T % T Uf egp R F L, JFE

http://journals.im.ac.cn/actamicrocn



3574 MEI Zilun et al. | Acta Microbiologica Sinica, 2025, 65(8)

1. Design of 5'-UTR library 2. Cell expression and transformation

—*—»é

AC NNNAAGNANACACAC C 3. Inducing cultureing
GIT N NNAAGNANGTGTGT l

4. Sequencing

e | RIiA
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Figure 2 The research process of designing and constructing a 5-UTR library and analyzing the transcript

abundance regulated by each mutant based on high-throughput sequencing.
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Figure 3  Leveraging NGS data to estimate mRNA abundance regulated by each 5-UTR variant. A: RNA
relative abundance of 518 5'-UTR variants; B: Comparison of RNA relative abundance derived from NGS data
and mRNA abundance obtained through RT-qPCR of four 5'-UTR variants randomly picked from library.

P4 actamicro@im.ac.cn, & 010-64807516



MF4 % | ik, 2025, 65(8)

3575

RT-qPCR il H: mRNA =F & 545 R L0,
HREI 3 EHE T3 A5 19 RNA A = 18 51056
R DA 3 1) mRNA =B 7EA [RI AR ] 1) 22 57 4
P55 R —B0(K 3B), 3% 7 W38 i v
flitt ARl 5'-UTR 45T H A HE P B mRNA 5
25 SRR T SR
22 EHRFBEKFEEN mRNA EEH
E=
X} 5-UTR AR R FE 9 TR IR GE i, X
SEFPBRIE AL FE L 4L (A, C. T. G. A+T.
A+G. A+C., T+G. T+C. G+C). 5-UTR Hx/)
H i1 fE[MFE, 947} kcal/mol, %8 A I
1.82 7, 15 45 B b BOHR A7 i e 1R K i
Wy Bl 22 BCPE 0 (http:/mmde. en,  gR 5N
NMDCX0002120)]. 5-UTR 5 H#{A 16S rRNA
FE[H (5-ACCUCCUUA-3) 45 & it BE[ LA SE & A
A S
&

S
S

Q
K

<,
&

M REZE X {E|AG| s, A7 R keal/mol, TR
UL 1.8.2 47, THE &S A I uh B A7 it 78 B
A YRR 2R BUE 0 (45 28 NMDCX0002120)]
(LA R RIFRES At . IR X S AY(AC & 42k
GT &4E), ¥ RNA M F 5 SRk 1T
FHENE ST (B 4A), F RNA FHXT 3 B8 s 2K
i B o K — e/ NE— AL 5 BB GE RN 0-1)4)
h 5 2H[5(0.8, 1.0), (0.6, 0.8). H1(0.4, 0.6).
AK(0.2, 0.4), 1%(0, 0.2)], MWIEHKL A 5-UTR
FFHIVE seqlogo Pl DAAEET AN [ 28 16] 4) Bl 5 i 45
P:(E 4B).
221 5-UTR 5#%¥EF 16S rRNA £ E /Y
HEBE

FHOCPEA BT 25 5 (18] 4A) S, RNA AT
JIE 55 45 4 B 22 R A7 3 5 1 58 1EAH 5C (=076,
P<0.001), FH5EMEMARLGMH®E S 5-UTR

CHN RN

S R % B
SFE L v« 6 ¢ F¥ T

1.0
RNA 74, Hokk k| dkekk | k| ekok ' ‘ sokok
Binding strength | 0.76 % doe |k k| i B )| e | Gox | Gkl o) k| o 0.8
MEE A \Y L A Y 4
E * * 0.6
Spacer type S ANV 4 N
7 NNE = = I\ N
A —0.71 0.86 *x% sk skokk dskok kkok
T 0.67 |—0.86 | —0.83 7\4’\ sk | ko \/ e || ke L 0.2
G 0.72 |-0.86 | -0.83 | 0.67 74\ Rk ok \/ ko sk
+0.0
¢ 0.69| 0.86 | 0.66 |~0.83—0.83 74 ok | ok /\ ok
A+T 74 N L 0.2
o Pl A L 0.4
A+C —0.73| 0.88 | 0.89 |~0.89/-0.90| 0.90 %N
T+G 0.73 | ~0.88|-0.89| 0.89 | 0.90 |—0.90 ~1.00 74 —0.6
T+C [-0.49 -1.00 % -0.8
G+C ~1.00 %
*: P<0.5 -1.0
**: P<0.1 RNA: RNA relative abundance
**%: P<0.01 Spacer type: Spacer rich in A+C or G+T

http://journals.im.ac.cn/actamicrocn



3576 MEI Zilun et al. | Acta Microbiologica Sinica, 2025, 65(8)

201

LAC— UYL

-15-14-13-9 -7
201

Relatively high & 1.0}

-15-14-13-9 -7
20

3 e

< 00—
?; -15-14-13-9-7
S 2+ 20 g

<

Fc w)

g Medium F10r

Ko}

<

.g 0.0 ——

=

e

.

Relatively low .g 1ok

00—
—-15-14-13-9 -7
20
Low

@
A 10

00 -15-14-13-9 -7

El4 5-UTREEZEFHEHFIEHEN TiFRNAMEXN FEENFZWER M. A: RNAHX FE55-UTR%
MRS P 9 S SR RAE A DG 3 M Gl (A RERIEARDG, 2L ARG, BB RN EER); B:
i FERNAAXT B T 5-UTRE ARSI T 4340, 45 20 b i & 5'-UTR %2 1A [ seqlogo #l (seqlogo [ H A Ak
PR LU IR 5 120 — DAL A+ 107, AL b3 — AL A -1107, LAL2EHE; AU 118
N[5 532 TRV U i 4P R R (A5 o

Figure 4 Analysis of the impact factors of 5-UTR variant structural sequence features on downstream RNA
relative abundance. A: Analysis of correlation between RNA relative abundance and 5’-UTR variants’ sequence
and structure features (Blue represents positive correlation and red represents negative correlation. The darker the
color, the stronger the correlation); B: All 5-UTR variants were grouped according to the RNA relative
abundance, and draw seqlogo diagrams of the 5-UTR variants contained in each group were drawn (The
horizontal digit in the seqlogo diagram is +1 at the first base of the start codon, and —1 at the first base upstream

of the start codon, and so on. The figure shows only base sites with base preferences between different groups).
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Figure 5 The relationship between binding strength of 5'-UTR with ribosome and RNA relative abundance. A:
Scatter plot of the binding strength of 5-UTR with ribosome and the RNA relative abundance, the curve in the
figure is a third-order polynomial fitting curve (R3;=0.78, P<107*); B: The mRNA abundance of egfp regulated
by 5'-UTR with different binding strength was detected by RT-qPCR.
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Figure 6 The relationship between core SD sequence conservation in the 5-UTR and the relative abundance of
downstream RNA. A: RNA relative abundance distribution corresponding to 5'-UTR variants with different core
SD sequence conservation; B: The mRNA abundance of egfp under the 5'-UTR regulation of different core SD
conservation was detected by RT-qPCR (The value below the sequence in the ordinate indicates the binding
strength of the SD sequence with the ribosome); C: The binding strength distribution of SD sequences of different
bases at each position, and the green letter indicates the base corresponding to the complete SD sequence at this

position.
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Figure 7 The relationship between local secondary structure of 5'-UTR and RNA relative abundance. A: The
RNA relative abundance distribution corresponding to different base mutation sites in 5'-UTR variants (Different
lowercase letters in the figure indicate significant differences among the corresponding base groups, P<0.05); B:
Scatter plot of the local minimum free energy and binding strength of 518 5-UTR variants, in which larger dots
and darker colors indicate higher corresponding RNA relative abundance; C: Scatter plot of the local minimum
free energy and binding strength of all the 5'-UTR sequences designed and constructed artificially in this study.
The larger the point and the darker the color in the diagram, the higher the corresponding mRNA abundance.
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